We retrospectively reviewed medical records to identify the factors that affect the results of culture in patients with pyogenic vertebral osteomyelitis. In multivariate analysis, the presence of paravertebral abscess was associated with positive results of microbiologic culture. Prior antibiotic exposure, especially of longer duration, was strongly associated with negative results.
P
yogenic vertebral osteomyelitis (PVO) is an infectious disease of the vertebrae or paravertebral structures caused by a variety of bacteria (4, 9) . Once a diagnosis of PVO is made, long-term antibiotics are necessary. Because the choice of antibiotic depends on the etiologic microorganism, it is important to identify the pathogen. Most PVO patients have one or more of the following: fever, leukocytosis, and elevation of inflammatory markers, such as C-reactive protein and erythrocyte sedimentation rate (1, 2, 5, 8, 11) . As a result, empirical antibiotics are frequently used before a specimen is obtained for culture (14) . Some factors are related to the results of microbiologic diagnosis of PVO (3), and among them, an effect of prior antibiotic exposure has been reported in some studies (6, 9) . Several reports have suggested that prior exposure has a negative effect on microbiologic diagnosis (7, 10, 15) , but others suggest that this is not the case (12) . All of these studies had limitations, such as small sample size, heterogeneous patient populations that included tuberculous vertebral osteomyelitis and postoperative vertebral osteomyelitis, and failure to consider duration of antibiotic exposure.
To identify the factors associated with positive results of microbiologic diagnosis in patients with PVO and to investigate the effect of prior antibiotic exposure, we retrospectively collected the medical records of patients diagnosed with PVO from September 2003 through December 2009 in two university-affiliated hospitals. The diagnostic criteria of PVO were adapted from previous reports (5, 11, 13) . Among the patients who were diagnosed as having PVO, those who underwent neither tissue biopsy procedures nor blood culture were excluded. Also excluded were patients who had undergone spinal surgery or spinal analgesia within 2 years of diagnosis and patients who turned out to have tuberculous vertebral osteomyelitis, as shown by growth of Mycobacterium tuberculosis, the presence of granulomatous inflammation in pathology, and/or positive results of PCR for M. tuberculosis in biopsy tissue. The included patients were divided into two groups: (i) microbiologically diagnosed PVO (M-PVO), if microbiologic diagnosis was achieved by culture of vertebral tissue and/or blood, and (ii) clinically diagnosed PVO (C-PVO), if culture failed to reveal microorganisms. Antibiotic exposure was defined as patients being exposed to antibiotics prior to obtaining vertebral tissue or blood samples for culture-whichever was first. Duration of antibiotic exposure was defined as the time between initiation of antibiotics and obtaining specimens for culture. If a patient in the M-PVO group underwent microbiologic examination two or more times, duration of antibiotic exposure was defined as the time between initiation of antibiotic and obtaining the specimen that gave the first positive outcome. If a patient in the C-PVO group underwent culture two or more times, duration of antibiotic exposure was defined as the time between initiation of antibiotic and the time the first specimen for culture was obtained.
During the 6-year period, a total of 106 patients with community-acquired PVO were identified, of whom 5 underwent neither tissue nor blood culture. Of the 101 patients who underwent tissue and/or blood culture, 71 (70.3%) were in the M-PVO group and 30 (29.7%) were in the C-PVO group. Baseline characteristics are shown in Table 1 .
Overall, 22.8% (23 of 101) of the patients were exposed to antibiotics prior to specimen culture. In the M-PVO group, 12.7% (9 of 71) were exposed prior to obtaining specimens, whereas in the C-PVO group, the proportion was 46.7% (14 of 30) (P Ͻ 0.001). The median durations of prior antibiotic exposure were 4.0 days (range, 1 to 20 days) among the M-PVO patients and 8.5 days (range, 1 to 40 days) among the C-PVO patients (P ϭ 0.124).
Staphylococcus aureus constituted 36.6% (26 of 71) of the total isolates, and of these, 19.2% (5 of 26) were methicillin resistant. Viridans group streptococcus was isolated in 13 (18.3%) patients, Streptococcus agalactiae in 6 (8.5%) patients, and Streptococcus pneumoniae in 3 (4.2%) patients. Gram-negative organisms were isolated in 13 patients, of which 7 were Escherichia coli and 3 Pseudomonas aeruginosa.
Univariate analysis was carried out by logistic regression for all variables collected. In the univariate analysis, the presence of paravertebral abscess, elevated white blood cell count, proportion of polymorphonuclear leukocytes, and C-reactive protein levels were related to positive outcome, whereas longer duration of previous antibiotic exposure was related to negative outcome. In multivariate analysis, the presence of paravertebral abscess and prior antibiotic exposure of longer duration were independently associated with the outcome of microbiologic diagnosis (Table 2) .
In this study, we obtained a similar result to previous studies in that antibiotic exposure prior to microbiologic diagnosis was associated with negative outcome of culture (7, 10, 15) . We also analyzed the impact of previous antibiotics in a quantitative manner: if there were 4 or more days of antibiotic exposure, the chance of obtaining positive microbiologic cultures was significantly reduced. A recent retrospective cohort study of hematogenous vertebral osteomyelitis patients found that antibiotic exposure before biopsy did not negatively impact pathogen recovery (12) . However, in that study, the median duration of antibiotic exposure was 4 days (range, 1 to 37 days), and the quantitative relationship between antibiotic exposure and culture positivity was not examined. Therefore, we may infer that short-term exposure to antibi- otics has a weak negative effect on culture outcome and that the effect increases with duration of antibiotic treatment. Empirical antibiotic therapy in culture-negative PVO may lead to unnecessary broad-spectrum antibiotic treatment, which leads to the emergence of resistant organisms. There may also be an increased risk of therapeutic failure, when we treat patients with PVO empirically.
In the present study, we reviewed over 100 patients with vertebral osteomyelitis and so were able to analyze the predictive factors in a relatively large sample. However, the number of patients enrolled may still have been too small to identify minor factors affecting culture positivity. Because of the retrospective design, we could not compare treatment outcomes in the M-PVO and C-PVO groups.
In conclusion, our study suggests that in patients with pyogenic vertebral osteomyelitis, the presence of paravertebral abscess is associated with positive culture outcome. On the other hand, previous antibiotic exposure is associated with negative culture outcome. 
